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in  slowly  thawed  Cis-  j 


Pin  experimental  frostbite,  core  severe  injury  is  seer,  in  slowly  tnawed  cis-  | 
sues  than  in  rapidly  thawed  tissues  frozen  for  the  sane  length  of  tine.  The  extent  | 

of  healing  which  follows  u  given  exposure  tine  depends  upon  the  manner  of  thawing,  j 
the  area  sectioned,  and  the  duration  of  freezing;  The  nose  striking  histologic  air-  | 
ferehces  between  alow-  and  rapit-thawed  tissues  occur  in  the  endothelium,  internal  | 
elastic  lanina  and  media.  Following  slow*  thawing,  the  endothelial  cells  £  O  J>  4*  = 

completely  shed  into  the  lumen.  Tha  internal  elastic  lamina  is  disrupted 
early  as  one  hour  after  exposure,  exhibits  areas  of  decreased  sta inability .  The  nee-  . 
ial  muscle  cells  are  d is tor tec.  and  twisted.  The  media  progressively  loses  its  normal 
architecture  so  that  the  end  picture  is  that  of  liquefaction  necrosis.  Following 
rapid  thawing,  the  endothelial  cells  remain  attached  to  the  intina.  Three  days  after 
exposure,  these  cells  are  hyperchronntic  and  actively  proliferating  and  the  media 
contains  numerous  hyperchromatic  cells.  By  six  days,  intinsl  proliferation  is  readi¬ 
ly  apparent  and  the  internal  elastic  lamina  Of  rapidly  thawed  arteries  remains  Intact 
and  demonstrates  only  occasional  areas  of  loss  of  stainsbility.  The  medial  muscle 
cells  are  much  less  distorted  and  twisted.  In  comparison  to  slow-thawed  tissues,  the 


«ors  cor.- 


initial  injury  appears  less  severe,  and  repair  is  initiated  earlier  and  Is  more  com¬ 
plete,  This  is  not  without  complications,  however,  in  that  reactive  incisal  prolif¬ 
eration  appears  to  progress  to  partial  or  total  occlusion  of  the  involved  vessels; 
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yascular  Injury  Due  to  Cold 

Effects  of  Rapid  Rewanning 

Harry  M.  Carpenter.  Ml);  Liovd  A.  Hurley.  MD:  Esther  Hardenbergk.  Scl):  and 
It.  Bland  Williams.  Ml).  Bethesda.  Md 


In  experimentally  induced  frostbite,  more  se¬ 
vere  injury  is  seen  in  skmty  thawed  tissues 
than  in  rapidly  thawed  tissues.  Histologic  changes 
described  here  show  vascular  reactions  which 
correlate  with  tissue  survival  studies,  the  experi¬ 
mental  procedure  was  a  standard  injury  to  the 
rabbit  hind  Kmb,  followed  by  either  rapid  re- 
wanning  (hot  water)  or  spontaneous  Mtawin; 
at  room  temperature.  Pottowing  slow  thawing, 
endothelial  cells  are  almost  completely  shed  in¬ 
to  the  lumen,  the  Mental  dasric  lamina  is  dis¬ 
rupted  and  medial  cede  are  distorted  and 
twisted  and  become  necrotic.  Following  rapid 
thawing,  endothelial  cells  remain  attached  to  the 
intime  and  are  actively  proliferating  after  three 
days,  the  interna:  elastic  lamina  remains  intact, 
and  medial  ce£s  are  less  distorted.  The  initial 
injury  of  rapklfy  Viewed  tissue  appears  less  se¬ 
vere;  repair  is  initiated  earlier  and  is  more  com¬ 
plete.  Surviving  vessels  present  varying  degrees 
ot  irrevwsMe  endarteritis  obSterans. 

T  HE  BEST  treatment  for  frostbite  is  now 
believed  to  be  rapid  rewanning  of  the 
affected  part  in  hot  water  (42C).  It  has 
been  shown  experimentally  in  the  Laboratory 
that  of  the  many  treatments  tried,  this  one 
results  in  the  most  tlnsue  survival.  Much  of 
the  evidence  Is  summarized  in  review  arti¬ 
cles  by  Lewis'  ami  Lapp  and  Ji!crpeus.: 
Clinical  observations  seem  to  agree  with  the 
Laboratory  findings.'-  How  rapid  rewarding 
produces  a  beneficial  effect  is  not  really 
known,  although  one  factor  may  be  the  pro¬ 
duction  of  maximal  blood  flow  in  the  injured 
area  brought  about  by  the  dilating  effect  of 
heat  on  the  blood  vessels  at  the  time  of 
thawing. 
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There  is  little  doubt  that  vascular  altera¬ 
tions  plav  a  role  in  the  development  of 
tissue  necrosis  following  freezing  injury’,  be 
it  by  direct  injury  to  the  vascular  tissue  or 
from  vascular  reaction  to  abnormal  metabo¬ 
lites  released  by  other  damaged  cells.  The 
following  Is  a  report  on  a  histological  study 
of  vascular  lesions  in  the  rabbit  foot  exposer! 
to  a  standard  freezing  injury,  and  on  l.ie 
effect  of  rapid  and  slow  rewarming  on  the 
recovery’  from  the  injury.  The  histologic 
findings  support  the  clinical  observation  that 
rapidly  rewarmed  tissue  has  a  better  chance 
of  survival  than  slowly  rewarmed  tissue. 

Materials  and  Methods 

Adult  albino  rabbits  weighing  more  than  2.- 
500  gm  were  used.  Under'  pentobarbital  sodium 
anesthesia,  these  animals  were  subjected  to  a 
standard  freezing  injury,  the  details  of  which 
have  previously  been  published/’  In  brief,  the 
hind  limb  of  each  animal  was  errosed  to  a  freez¬ 
ing  mixture  kept  at  a  temperature  of  — 15  C. 
The  duration  of  freezing  was  indicated  by  a 
thermocouple  lerateo  tiep  within  the  interos¬ 
seous  .*|*ace  between  the  second  and  third  meta¬ 
tarsal  lmncs  (Fig  I).  The  animals  were  diviiled 
into  four  grotijis  as  inelie-ateri  ia  Fig  2.  In 
group*  1  and  -t.  the  frozen  foot  wsis  allowed  to 
thaw  in  air  at  room  temperature,  while  in 
groups  2  ami  3  the  foot  was  immersed  in  a 
water  hath  at  42  C  immediately  upon  removal 
from  tin-  cold  hath  and  kept  in  the  hath  until 
the  foot  }onii>eraturc  reached  the  level  of  the 
animal’s  rectal  temperature.  All  animals  were 
given  aqueous  |*enici1lin  G  benzathine  and  sere 
returned  to  individual  cages.  Two  rabbits  each 
of  groups  1  and  2  were  killed  at  die  follo.ving 
intervals  after  cxi*o*uro:  15  and  30  minutes:  I. 
2. 3. 4.  6.  and  12  hours:  and  1.  2.  3.  4.  5.  5.  <).  12. 
15.  15.  20.  24.  30.  arri  40  days.  Eleven  and  18 
animals  of  group*  3  and  4.  respectively,  were 
included.  Immediately  after  death,  n  2-cm  tis¬ 
sue  Hrl;  was  disserted  from  the  metatarsal 
area  of  the  plantar  surface  of  the  fan'  and  fixed 
in  lff’n  neutral  formaldehyde  solution  (forma¬ 
lin).  CVnt.ol  seviions  came  from  (lie  opi>o*ite 
foot  and  from  randomly  selected  slock  animals. 
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Sections  of  the  fixed  tisst&s  were  stained 
with  hematoxylin-eosin,  Mallory’s  pliospho- 
tungslic  arid-hematoxylin.  Masson’s.  VerhoeiTs 
stain  for  clastic  tissue,  and  tire  PAS  technique. 

Results 

Gross  Observations. — Uj>on  removal  from 
the  freezing  mixture,  »..e  foot  was  observed 
to  be  frozen  up  to  the  line  of  immersion  ( the 
tarsal-metatarsal  junction).  The  involved 
portion  of  the  extremity  appeared  waxy  and 
ashen  and  was  frozen  solid. 

In  those  a.  imals  allowed  to  thaw  slowly 
(groups  1  and  4),  the  foot  temperature 
reached  a  level  of  -2  C  quickly,  and  then 
remained  near  this  temperature  for  20  to  30 
minutes.  The  temperature  then  rose  rapidly 
to  body  temperature  level  (Fig  2).  During 
this  period,  the  skin  gradually  developed  a 
faint  pink  color.  One  hour  after  exposure, 
the  foot  svas  bright  pink  and  had  become 
quite  turgid.  Within  two  hours,  the  color 
became  bright  red,  and  the  skin  wtts  covered 
by  a  clear  transudate.  Due  to  massive  ede- 


Fig  1. — Diagram  of  rabbit  foot  shewing  plantar 
arterial  arch,  site  of  deep  thermocouple,  and  immer¬ 
sion  iine. 


Fig  2. — Temperature  curves  of  deep  foot  tissue, 
or.e  representative  of  each  of  the  four  experimental 
groups.  Feet  of  animals  in  groups  1  and  2  were  kept 
in  cold  bath  for  18  minutes  after  Peering  occurred: 
then  group  1  feet  were  thawed  slowly  (air)  and  group 
2  feet  rapidly  (hot  water).  Group  3  feet  were  kept  frozen 
45  minutes  before  betng  rapidly  thawed.  Group  4  feet 
were  kept  frozen  only  until  deep  tissue  temperature 


reachevf  bath  temperature,  then  thawed  slowly.  Time 
frozen  in  the  bath  is  represented  by  cross  hatches: 
time  in  bath  before  freezing  occurred,  by  hatch  lines 
slanting  up  left  to  right;  time  out  of  bath  still  frozen, 
by  hatches  slanting  down  left  to  riebt:  and  time  thawed 
but  below  maximum  rewarr.ied  temperature,  by  open 
blocks. 
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Fig  3. — Gross  appearance  of  rabbit  foot  two  to 
four  hours  after  compIefion  of  slow  thawing  (group 
1).  The  foot  is  markedly  swollen  due  to  edema.  Ar¬ 
rows  indica>e  Fewel  of  immersion  line. 


mi),  the  foot  Assumed  fix*  appearance  of  a 
rubber  g>ovo  distended  with  water  t  Fig  .'ll . 
During  the  next  few  hours,  the  dee|H*r  tis¬ 
sues  gradually  assumed  a  blue  tinge.  On  the 
following  day,  the  skin  was  dusky  red  and 
irregularly  covered  by  a  grey  transudate. 
The  foot  was  wet  and  cool.  Hie  edematous 
condition  jiersistcd  for  three  to  four  days, 
after  which  time  the  fluid  ilecreascd  in 
amount.  The  skin  then  became  wrinkled  and 
loose,  then  dry,  hard,  and  black.  TJx*  line  of 
demarcation  between  black,  dry.  mummified 
tissue  and  pink.  soft,  viable  tissue  became 
sharp  after  five  to  seven  days  i  Fig  4  *. 

This  sequence  of  events  was  noticeably 
altered  in  extremities  that  were  rapidly  re- 
warmed  i  groups  2  and  .*!»,  Thawing  was 


Fig  4. — .Gross  appearance  of  rabbit  foot  Jive  to  sev¬ 
en  days  alter  stow  thawing  (group  1).  The  immersion 
line  (arrow)  is  distinctly  delimited  by  the  gangrenous 
foot  and  digits. 

accomplished  in  four  to  six  minutes.  The 
skin  became  blue  while  the  foot  was  .'■till  in 
the  warm  bath  and  remained  blue  for  as 
long  as  three  days.  Edema  and  cyanosis 
were  much  more  marked  after  two  hours 
than  at  the  same  time  interval  in  slowly 
thawed  limbs.  The  .'  ’•  were  warm,  moist, 
and  swollen  after  24  hours.  After  three  days, 
the  phalanges  were  in  many  cases  dusky 
gray  and  gangrenous,  while  the  dorsal  foot 
twd  remained  warm  and  blue.  Five  days 
after  exposure,  a  d..rk.  dried  eschar  could  be 
jieeled  from  underlying  viable  pink  tissue. 
The  foot  stub  remained  larger  than  normal 
for  over  40  days,  and  the  skin  was  red,  thin, 
and  shiny. 

Evaluation  of  tissue  survival  showed  re¬ 
sults  similar  to  those  previously  reported’1: 
|xx>r  in  groups  I  and  4.  with  no  survival 
below  the  immersion  line:  good  in  group  2 
with  survival  below  the  immersion  line  in  all 
animals,  sometimes  including  phalangeal  tis¬ 
sue;  and  half  and  half  good  and  |>oor  in 
group  3. 

Microscopic  Findings. — Slowly  Thawed 
Tissues. — During  tire  fi:  -t  hours  after  termi¬ 
nation  of  freezing,  one  of  the  most  striking 
phenomena  is  the  progressive  shedding  of 
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Fig  5. — Top  left,  Deep  plantar  muscU-  and  connec¬ 
tive  tissue  three  days  al.'cr  slew  thawing  (group  1). 
Note  the  musc'c  necrosis,  absence  of  proWeraton  ot 
granulation  tissue,  and  presence  ot  edema  and  hemor¬ 
rhage  {hcmatoxyJincosin,  X204).  Top  right.  Deep 
planar  artery  from  midfoot  12  hours  alter  slow  thaw- 
ing  (group  1).  Many  endclheiia!  cells  are  absent.  The 
media  contains  necrotic  muscle  cells,  granulocytes, 
and  erythrocytes  (hematoxylin  eosin,  *816).  Bottom 


A.  * 

V 


left.  Same  £S  top  left  but  following  rapid  thawing 
(group  2).  Note  proliferation  ot  gra^i  'ation  tissue  and 
preservation  of  sarcol emma  cells  (hematoxylineosin. 
x204*.  Bottom  right.  Same  tissue  and  time  in'erval 
as  top  right,  but  following  rapid  thawing  (group  2). 
Endothelial  cells  arc  for  the  most  part  still  present. 
The  media  contains  curled  muscle  nuclei  and  focal 
areas  of  decreased  ground  substance  hematoxyim- 
ecsin.  x816). 


endothelial  cells  into  the  luminn  of  the  bltxxl 
vessels.  The  sequence  of  endothelial  mor¬ 
phology  appears  to  be  pvkti'sis  followed  by 
loss  of  cohesion  with  the  adjacent  intima 
'Fig  5,  top  right).  During  this  same  time, 
the  internal  elastic  lamina  becomes  irregu¬ 
larly  split  and  fragmented.  Increasing 
amounts  of  elastic  tissue  lose  their  affinity 
for  eosin  and  for  VerhoefFs  stain  tor  elastic 
tissue. 

The  media  likewise  exhibits  striking 
changes.  Curling  and  twisting  of  muscle  nu¬ 
clei  is  followed  by  progressive  pyknosis,  knr- 
volysis,  and  karyorrhexis.  The  adjacent 
ground  substance  becomes  increasingly  5 Kilo 
and  vacuolated.  By  four  hour;;  after  cessa¬ 
tion  of  cold  exposure,  the  arteries  and  veins 


contain  segmental  areas  of  liquefaction  ne¬ 
crosis.  Beginning  about  three  to  tour  hours 
after  termination  of  cold  exposure,  the  walls 
of  the  vascular  system  am!  the  adjacent 
supporting  tissues  contain  Increasing  num¬ 
bers  of  both  erythrocytes  and  granulocytes. 
By  12  hours  postexposure  • Fig  5,  top  right  1, 
exudation  is  associated  with  edema,  hemor¬ 
rhage.  and  necrosis  throughout  the  trails  of 
the  vascular  system,  which  progress  in  inten¬ 
sity  » Fig  6.  top'..  Tliroughout  the  initial 
four-hour  jieriod.  the  adjacent  tissues  exhibit 
increasing  distortion  and  racuolation  of  skel¬ 
etal  muscle  bundles  accompanied  by  capil- 
l.iry  congestion.  After  24  hours  these  tissues 
contain  areas  cf  suppuration. 

Proliferation  of  granulation  tissue  is  con- 
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Fig  6. — Top  left.  Deep  pUnUr  artery  from  r.!id»cot 
three  days  after  slow  thawing  (group  1),  Note  ccmpWe 
necrosis  of  intima  and  media  (hematoaylin-eosin. 
*408).  Top  right.  Same  as  top  left  but  from  group  4. 
Note  the  focal  area  of  inbrrui  proliferation.  The 
media  contains  cellular  debric.  hemorrhage,  and  gtano- 

spicuously  absent  except  for  small  focal  are¬ 
as  surrounding  some  of  the  more  siipcrficinl 
arterioles  and  venules.  Vessels  in  the  latter, 
suj>crticial  location  are  in  general  less  dam¬ 
aged  than  tlie  deeper  vessels  of  the  plantar 
arcli.  Mural  necrosis  of  these  deeper  vessels 
(Fig  6,  lop)  Is  associated,  at  three  clays, 
with  necrosis  of  the  adjacent  skeletal  muscle 
and  hemorrhage  and  edema  of  the  surround¬ 
ing  connective  tissue  (Fig  5,  lop  left).  By 
six  days,  necrosis  and  suppuration  have 
progressed  to  gangrene  of  the  entire  foot  up 
to  the  immersion  line. 

Rapidly  Thatcct !  Tissues. — The  endotheli¬ 
al  cells,  for  the  most  part,  remain  attached 
to  the  underlying  intima  (Fig  5.  bottom 
Tight),  but  a  few  are  desquamated,  particu¬ 
larly  from  focal  areas  in  which  the  intima  is 
elevated  by  fibrin  and  erythrocytes.  The 
internal  clastic  lamina  remains  intact,  and 


locyfe*  (heinatc*yliri-eosi.i.  x408>.  tiftom  left.  &»me 
as  top  (eft,  but  rapidly  thawed  (group  3)  (hematocylin. 
eosin.  x816).  Buttom  »ight  Same  as  bottom  left  but 
group  2.  The  endothelial  cells  are  actively  proliferat¬ 
ing  as  are  certain  cells  fc»  tnc  media  (X8I6). 

there  is  much  less  curling  and  twisting  of 
medial  muscle  nuclei.  The  sup,>orting  tissue 
become  edematous  Immediately  after  thaw¬ 
ing  as  opposed  to  the  30-minutc  delay  that 
occurs  in  slowly  thawed  tissues.  Likewise, 
rapidly  thawed  tissues  contain  capillary  ring 
hemorrhages  as  early  as  15  minutes  after 
thawing,  but  these  hemorrhages  arc  rarely 
seen  in  slowly  thawed  sectiens  before  one 
hour.  After  one  hour,  comparison  between 
rapidly  and  slowly  thawed  tissues  reveals 
not  only  that  tlw  latter  are  more  severely 
damaged,  but  that  under  these  cxix-rimenial 
conditions  the  equivalent  reactions  occur 
about  6  to  12  limits  later  in  slowly  thawed 
tissues  than  in  rapidly  thawed  tissr.es.  This 
comparison  is  nunanarired  in  the  Table. 

In  rapidly  thawed  tissues,  the  absence  of 
endothelial  shedding  Is  no  less  stinking  than 
is  the  presence  of  endothelial  proliferation. 
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fig  7.— -Top  Sett.  Cwitrcl  deep  pt»rrt*r  artery  with 
intimal  jsctiferatjon.  This  is  an  uncommon  fn-xfcrx; 
in  eontrtfs  fx8I6).Top  right,  Superficial  artery  atm 
vein  27  days  after  rapid  thawing.  Note  the  vbser.ce 
of  intimat  proliferation  in  the  artery,  and  the  presence 
of  marked  intimat  proirf oration  ?  the  vein  (VethcefT s 

By  three  days,  the  cmlothcH.nl  cells  from 
group  2  arteries  s  Fijj  6,  bottom  right')  are 
hypeachromatic  ana  appear  to  be  actively 
proiifcmting.  At  tho  same  time  interval  this 
jrhonemenon  has  progressed  even  further  in 
group  3  arteries  (Fig  t>,  bottom  Jcfs'f,  ns  is 
manifested  by  intimal  ihickeuir-1?.  In  a  given 
cose,  however,  this  degree  of  fr*£<na!  thick¬ 
ening  cannot  bo  distinguishes!  from  the  natu¬ 
rally  occurring  ondemio  intimal  prelifcration 
that  one  sock  in  a  fw  rabbits  i'Fi,  7.  top 
hft).  By  three  to  f.mr  weeks  ( Fig  7,  top  and 
bailam  right),  however,  intimal  prolifera¬ 
tion  Itns  progressed  well  beyond  cvc-  the 
most  striking  example  of  the.  naturally  oc¬ 
curring  disease.  By  GO  days,  many  <»f  the 
arteries  of  the  plantar  arch  present  tite  pic¬ 
ture  illustrated  in  Fig  7,  bottom  left. 

Under  these  experimental  conditions 
there  are  two  other  interesting  proliferative 


stain.  x2C-t).  Mien  Mfc  D«p  plantar  artery  6C 
days  after  rapid  thawing.  Note  the  massive  intimal 
proSVatroa  (hematoryfm-raJn.  x2©4).  ■ottom  right 
Deep  aftwry  27  days  after  rapid  Hawing.  Note  tfs* 
marked  mtimal  pro«!er*txx-.  (VerhoeSTs  Stain.  X204). 


phenomena  that  occur  after  rapid  rewarm- 
iag.  One  cf  these  occurs  in  the  media  of 
arteries  and  veins  stnd  is  manifested  by  hv- 
perchromntisn  and  pleomorphism  of  sorro- 
lomn'.k*  and  fibroblastic  dements  (Fig  G. 
bottom)-.  In  the  case  of  the  arteries,  these 
cy  tologic  changes  do  not  indicate  prolifcra- 
f  ion  since  they  do  not  terminals,  at  least  in  SO 
days,  in  medial  fibrosis  or  thickening.  These 
morjfhologic  alterations  in  cells  of  the  media 
may  be  related  to  redisposition  of  amor¬ 
phous  ground  substance,  Decrease  of  ground 
suhstanco  is  apparent  after  three  days  and  ip 
particularly  prominent  about  It  days  after 
termination  of  exposure  ,Fig  8.  tr.p  and 
bottom  right  i.  Areas  of  decreased  or  absent 
ground  substance,  take  the  form  of  distinct 
kinds  that  gradually  decrease  in  width  as 
nisair  occurs.  The  cytoplasm  J»f  tho  medial 
cells  inemtses  in  ifeiishy,  making  tltc  ceilu- 
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Fig  8, — Top  left.  Deep  plantar  vfc'-n  21  days  after 
rapid  thamrig.  The  wa3  has  teen  replaced  by  cellular 
connective  tissue  (bcruaftwyim-cosln.  X2C4J.  Top  right. 
Deep  plantar  artery  14  days  after  rapid  tftarnng.  Note 
the  peripheral  "clear"  area  of  media  with  decreased 
or  absent  ground  substance  (bematonyfin-eosin.  X204). 


lar  outlines  unusually  distinct.  As  this  pro¬ 
cess  rotitirtiics,  Incrcasrd  density  also  grndu- 
ally  appeals  between  the  cells  tea  that  the 
cell  outline:  once  ana  in  appear  indistinct. 
This  sequence  suggests  actual  secretion  and 
dejwsition  <A  ground  substance  hy  niedinl 
cells.  At  any  one  time  all  phases  of  this 
reparative  phenomenon  are  apparent  in  a 
given  artery.  In  the  case  of  veins,  however, 
medial  prolifcnttiw  phenomena  trad  to  re¬ 
placement  of  the  media  by  cellular  fihrotis 
tissue  i  Fig  8.  top  left  > .  There  appears  to  be 
no  incroise  in  elastic  tissue  in  either  arteries 
or  veins.  <  Ton  wisely,  the  wins  appear  to 
los?  clastic  tissue,  hut  we  are  unable  to  say 
whether  this  also  occurs  in  the  arteries. 

I’rohfemtive  phenomena  ate  also  readily 
apparent  in  tin;  surrounding  skeletal  muscle 
and  connective  tissue,  Three  days  after  ter- 
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Bottom  left.  Deep  plantar  artery  27  days  after  rapid 
thawing.  Note  the  interitsttentiy  broken  internal  elas¬ 
tic  lamina  (Verhceft'S  Stain.  x204).  Bottom  right. 
Sarr-e  K  top  right.  Note  the  focal  areas  of  decreased 
ground  substance  in  the  media  (hemitocylin  eosin. 
X2C4). 


mutation  of  exjfnsure.  proliferation  of  granu¬ 
lation  tissue  is  well  umk-r  way  and  asstrei- 
ated  with  considerable  sarcolemntic  activity 
•  Fig  a.  bottom  left  K 

It  is  «>f  importance  to  recognize  that  all  of 
those  processes  rosy  and  often  do  occur  111  a 
segmental  fashion.  This  segmental  rfistrihu- 
tion  is  particularly  likely  to  occur  the  nearer 
sec!  ions  are  taken  to  the  immersion  line. 
Any  given  section  may  show  focal  or  seg¬ 
mental  reactions.  We  have  seen  both  intlma! 
proliferation  and  media!  necrosis  limited  to 
one  side  of  an  artery  or  win.  An  example  of 
focal  loss  of  the  interna!  clastic  lamina  is 
illustrated  in  Fig  S',  bottom  left. 

Coewramt 

It  was  slwnvjt  in  similar  earlier 
exjieriitMife®  tint  rapid  rewnrminc  had  a 


160 


VASCULAR  INJURY  DUE  TO  COLD-CARPENTER  ET  AL 


Comparison  o f  Slowly  and  Rapidly  lhawad  Tltsuat 


r»?c"ia 

Capillary  hemorrhages 
Oasrpiaination  o! 

endothelial  cell* 
f 'ogmentation  or  internal 
plastic  lamina 
Medial  degeneration 

end  necrosis  _ 

Laudation _ 

Beginning  proliferation 
or  ti~)roblasts 
Endothelial  regeneration 

Medial  pr  .-life-ration 

Capillary  budding 

Gangrene 


Slowly  Thawed 
30  min 
1  hr 

Uniformly  present 
Uniformly  presont 


Almost  completely 

absent _ 

Almost  eor.rpletel/ 

absent _ 

scattered  supetitcirlly 

at  4  days _ 

Entire  too! 


beneficial  effect  per  so  on  tissue  survival, 
with  rapidly  thawed  feet  (group  3)  showing 
hotter  survival  than  feet  which  were  slowly 
thawed  (group  1)  even  though  the  rapidly 
thawed  feet  were  actually  in  a  frozen  state 
twice  a?.  long  as  the  slowly  thawed.  The  poor 
tissue  survival  in  the  animals  of  group  4  Is 
consistent  with  the  previous  observations. 

While  it  has  been  established  that  rapid 
thawing  increases  tissue  survival  after  freez¬ 
ing  injury.'  7  the  reason  for  the  effect  Is  not 
known.  There  is  apparently  some  effect  be¬ 
sides  the  simple  reduction  of  the  time  fro¬ 
zen.  Alteration  of  Joe  crystal  size  Is  not  a 
likely  explanation  since,  insofar  as  speed  of 
temperature  change  affects  types  of  ice  crys¬ 
tal  formation,  most  mammalian  freezing  in¬ 
juries  are  believed  to  fall  under  the  category 
•A  slow  freezing  and  thawing.7  *  Other  un¬ 
known  far. tors  also  affect  the  histopatholog- 
ical  changes  that  follow  freezing  injury; 
there  is  apparently  a  specks  tissue-depen¬ 
dent  gradient  of  sttsccpUbility  to  various 
types  of  injury  and  to  different  degrees  of 
the  same  injury.1-7-"  For  example,  Lewis1 
observed  early  degenerative  changes  in 
striated  muscle.  This  was  not  present  in  the 
striated  muscle  of  this  series,  but  was  most 
striking  in  the  media  of  arteries  and  veins 
( Fig 5.  bollom  right). 

Opinions  concerning  the  pathogenic  basis 
of  local  cold  injury  have  been  divided 
lietween  investigators  who  have  emtthn- 
sized  damage  to  the  supjorling  tlss»*'3,,-,7,:! 
and  these  who  stress  primary  circulatory 


Titsuaa  dysfunction. 171417  Probably 

„  ...  - 7~  both  factors  are  involved, 

~T^mtLc'a",C:  "  t,lcir  contribution  depend- 

“TTm'iil -  ing  on  the  nature  of  the  in- 

’Aimore^b jury,  tissue-specific  gradi- 

_ ents  of  susceptibility,  and 

Almost  anient  experimental  or  environ- 

— — -  mental  conditioas.  Those 

Minimal  to  ...  , 

mmierata  experiments  have  shown 

~T  hr .  primary  damage  in  vascular 

.'4  i.-.  r.A  >,r  fii'pue.  whidi  r»n  lie  lessened 

- by  rapid  rcwanning.  But, 

even  with  this  beneficial 
'wSIi«tTbii5j?T  treatment,  signs  of  injury 

at  72  hr  are  still  present.  The  eon- 

weii  estawishi-u  cept  of  tissue  injury  includes 

— ~ 8  — - - berth  the  initial  damage  and 

OigUonty - {he  response  to  tins  damage. 

Response  includes  repair.  In 
the  blood  vessels  examined,  both  primary 
damage  and  inflammatory  and  reparative  re¬ 
sponses  to  the  damage  have  been  observed. 
Other  investigators  have  also  noted  loss  c.f 
endothelium  following  freezing  injury,1518  71 
and  Later  endothelial  proiiferation.,'-l;!-!:;-,:* 71 
Subendothelial  proliferation  has  also  Iren  ob¬ 
served  in  Large  vcsseLs  frozen  directly  by 
cryotherapeutic  tediniqucs.77-53 

The  study  has  shown  that  rapid  rewarrn- 
ing  has  an  accelerating  effect  on  the  histo¬ 
logical  sequence  of  changes  whidi  follow 
freezing  injury.  A  corresponding  enhancing 
effect  has  been  seen  by  some  in  the  patho¬ 
physiologic  events  which  follow’  freezing  in¬ 
jury’,  such  as  edema  formation  and  rate  of 
metabolism.5-7.'* 

Although  there  is  Jess  gross  tissue  loss 
after  rapid  rcwanning.  it  is  possible  that  the 
chronic  sequel  I  ae  could  be  as  incapacitating 
as  a  more  extensive  loss  of  tissue.  Chronic 
skin,  nerve,  and  circulatory  nltorotioac  arc 
frequent  dinfcal  manifestations  of  frostbite 
injuries.1  The  proliferative  intinxil  changes 
seen  in  the  tnajor  vessels  in  these  experi¬ 
ment.  with  sometimes  almost  complete  oc¬ 
clusion  of  the  lumen,  could  rertarnly  lead  to 
chronic  vascular  insufficiency. 

Mention  should  ir  made  of  the  control 
findings.  The  occurrence  of  minimal  endar¬ 
teritis  obliterans  in  supposedly  normal  rob- 
liit  arteries  would  unquestionably  compli¬ 
cate  investigations  concerned  with  studying 
minimal  degrees  of  intimal  proliferation.  A 
rekitetl  drawback  to  the  in*  of  mongrel  dogs 
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for  the  study  of  arteriosclerosis  has  been 
recorded,*5  and  similar  changes  occur  in  the 
cat.-0  However,  the  naturally  occurring  en¬ 
darteritis  obliterans  we  have  observed  is  not 
as  severe  as  that  observed  in  rapidly  thawed 
vessels  14  days  after  exposure  and  never 
approaches  the  massive  changes  seen  after 
b‘0  days. 

Conclusions 

Gross  and  microscopic  findings  in  slowly 
and  rapidly  thawed  tissues,  under  this  set  of 
experimental  conditions,  indicate  that  rapid 
thawing,  in  comparison  to  slow  thawing, 
leads  to  (a)  an  accelerated  inflammatory 
reaction,  (b)  less  severe  vascular  and  sup¬ 
porting  tissue  injury,  fc)  earlier  healing, 
and  id)  decreased  permanent  tissue  loss. 

Histologic  reactions  to  cold  injury  are  evi¬ 


dent  in  vascular  anil  supporting  tissues  im¬ 
mediately  after  thuwing.  Surviving  rapidly 
thawed  vessels  present  varying  degrees  of 
irreversible  endarteritis  obliterans.  Control 
rabbits  show  a  mild,  naturally  occurring, 
endarteritis  obliterans. 

This  communication  rvjitesents  research  task  NM 
41  02  00  (tom  lei  Bureau  of  Medicine  ami  Surgery. 
Navy  Department. 

The  experiments  reported  herein  acre  conducted 
according  to  the  principles  set  tor  th  in  the  Guide  for 
laboratory  Animal  Facilities  and  Care  prepaced  by 
•he  Committee  on  Ore  Guide  for  1-ahoratoiy  Ani¬ 
mal  Resources,  National  Academy  of  Srkmes- 
Natiunal  Research  Coum-iL 

Ncn  proprietary  and 
Trade  Names  el  Drug 

Penicillin  G  benzathine — Bicillin ,  Permapen. 

Biciltin  L-A. 
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